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ABSTRACT: A field experiment was conducted at the Experimental
Research Farm of Faculty of Agriclture, Saba Basha,  Alexandria
Governorate, Egypt in years 2022 and 2023, to examine how stevia
rebaudiana respond to application of some salicylic acid (SA), salinity
remediator (SR=Cetro_Cal) and plant density under saline soil condition. In
growing season, this factorial experiment was set up in a split plot design with
three replications. The four salicylic acid (SA), salinity remediator
(SR=Cetro_Cal) treatments (control= untreated, salinity remediator (Cetro-
Cal) at the rate of 4 L/fed, foliar application of salicylic acid (SA) at the rate of
Published:December 312023 200 mg/I and application of SR (4 L/fed) + SA (200 mg/l) were allocated in
the main plots and the three-plant spaces viz., 40 cm, 26.7 cm and 20 cm with
densities (20000, 30000 and 40000 plants/fed), respectively were distributed at
random within the subplots.The results showed that stevia plants reponsed to
the different salicylic acid (SA), salinity remediator (SR=Cetro_Cal)
treatments, plant densities and their interaction under study conditions.
Ultimately, the findings suggested that using Citric -Cal, and SA under saline
conditions will boost stevia growth , and yield at a planting density of 40000

plants /fed (20 cm apart between plant).

Keywords:_stevia, plant density, salicylic acid, salinity, remediator, growth, yield.

INTRODUCTION

Stevia (Stevia rebaudiana Bertoni) is a
perennial herb commonly known as sweet weed,
sweetleaf, sweet herbs, sugar leaf and honey leaf,
belongs to the Asteraceae (Compositae) family
native to Brazil and Paraguay, where it can be a
new promising crop (Tavarini and Angelini,
2013; Halim et al., 2016). It is well known that
the stevia leaf contains sweet-tasting diterpenoid
steviol gly-cosides that are 300 times sweeter than
sucrose. Stevioside and Rebaudioside are
dominant components amongst the known steviol
glycosides (Kumar et al., 2013).

Salinity remediators (SR) contains
organic carboxylic acids, calcium (Ca), amino
acids, nitrogen (N), and magnesium. The salinity
processor works by breaking the bonding of the
sodium (Na*) element to the soil and replacing it
with calcium (Ca), allowing Na to be washed to
the lower layers of the soil, as well as releasing
the element chlorine (CI), which becomes free
and readily washed and neutralized. Low-
molecular-weight osmolytes, such as glycine
betaine, proline, and other amino acids, organic
acids, and polyols, are essential for cellular
function maintenance under drought or salt stress
(Farooq et al., 2009). Organic and Ca-based
additions have the potential to increase
agricultural production in salty soils (Niamat et

al., 2019). In comparison to the control treatment,
the administration of 3 percent Ca-FCM resulted
in the greatest reduction in Na+/K+ ratio (Naveed
et al., 2020).

Salicylic acid (SA), one of the plant
growth regulators. It plays an important signaling
role in the activation of numerous defense
responses of plants (Yu et al., 2006). SA (or 2-
hydroxybenzoic acid), is known as an endogenous
phytohormone with phenolic nature that has a
remarkable role in the growth and development of
plants (Belt et al., 2017).SA enhances tolerance
toward most kinds of abiotic stress due to an
enhanced antioxidant capacity (Horvath et al.,
2007). Foliar spraying with salicylic acid at 100
mg/l concentration gave the highest significant
values for growth characters of stevia under
salinity condition (El-Housini et al., 2014).

Plant density is one of the most
important cultural practices determining herbage
yield, as well as other important agronomic
attributes of this crop (Taleie et al., 2012). Plant
density and harvesting time are factors that affect
biomass and sweetening compounds and yield in
this species (Gomes et al., 2018; Francisco et al.,
2018). Narrow row spacing may also increase the
competitive ability of a crop. Decreasing row
spacing may also limit the period that weeds can
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compete with crops. The competitive advantage
of narrow rows may also contribute to increased
crop yield (Kumar et al., 2012). The growth,
yield and quality of Stevia leaf were significantly
affected by plant density and cutting time
(Serfaty et al., 2013). Higher yields in high
densities are a function of the greater number of
plants per area, which compensates for the great
biomass production per plant where narrow plant
spacing’s increased both plant height and yield
(Kumar et al., 2014). The highest planting
density promoted an average leaf yield of 1053.67
kg/ha. This value is close to the maximum
reported by Pal et al. (2013, 2015). Because the
plants showed the best performance in the second
year due to good adaptation to environmental
condition, better yields were obtained at the plots
with narrow plants spacing in both harvests done
in spring and summer season. Leaf yields were
higher during flowering. As the plant continues to
grow from vegetative to generative stage.
According to the result obtained from the
research, it has been indicated that stevia plants
can be successfully grown. Also, there were
morphological differences between the seedling
from seeds directly. Further research is needed to
select the best seedlings and to determine the
yield and quality characteristics (Tans1 et al.,
2017). Also, the growing and flowering of Stevia
were affected by day length, temperature, soil
moisture and wind (Ramesh et al., 2006).
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their interaction on the growth, yield and protein
of stevia under salty soil.

MATERIALS AND METHODS
Experimental site

The field experiment was conducted at the
Experimental Research Farm - Faculty of
Agriculture, Saba Basha, Abees Region,
Alexandria Governorate, Egypt, to investigate the
response of stevia to salicylic Acid (SA), salinity
remediator (SR= Cetro- Cal) under the different
plant densities under salinity conditions from
September 2022 to September 2023.

Representative soil samples from depth (0

— 60 cm) were taken from the experimental soil
before starting the experimental work. Some soil
properties were determined according to the
method described by (Chapman and Pratt,
1961); Sparks et al. (2020) and are presented in
Table (1).

Weather data

The monthly average of the meteorological
data noted during the growing period at
Alexandria location (Altitude: 32 m, Latitude:
31.36 °N Longitude: 29.95 °E, Egypt according to
the FAO database using CLIMWAT 8 (Mufioz
and Grieser, 2006) are presented in Table (2).
According to Table (2), climate conditions and
water management may hasten salinization.
Evapotranspiration is critical in the pedogenesis
of saline and sodic soils in arid lands. According
to (Wanjogu et al., 2001), most arid land get less

Therefore,  field  experiment = was than 200 mm of rainfall/year, results in
conducted to evaluate the influence of some linizati year,
salicylic acid (SA), salinity remediator salinization.
(SR=Cetro_Cal) treatments, planting densities and
Table 1. Some soil properties of the experimental sites
Soil Properties Values

Mechanical analysis

Sand 16.00
Silt 39.70
Clay 44.30
Soil texture Clay loam
pH (1:1) 8.20
Chemical properties
EC (1:1) dS/m 3.60
Soluble cations (1:2) (cmol/kg soil)
K* 1.55
Ca*™ 14.17
Mg** 10.34
Na* 14.55
Soluble anions (1:2) (cmol/kg soil)
CO3+HCO3 2.90
CcL 21.00
SO, 16.70
Calcium carbonate (%) 6.20
Total N (%) 1.20
P (mg/kg) 3.40
Organic matter 1.40
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Table (2). Average of minimum, maximum temperature (c°), rainfall (mm) and relative humidity
(%) at Alexandria, Egypt.

Month Temperature (c°) Rainfall Relative Wind Sun
Mini. Maxi. Average (mm) humidity (RH%)  (km/day) (hours)

January 10.6 18.3 14.5 48.0 82.0 259.0 6.1
February 11.1 18.9 15.0 23.0 80.0 268.0 6.9
March 12.8 21.1 17.0 10.0 80.0 277.0 7.9
April 15.0 23.3 19.2 3.0 83.0 251.0 9.1
May 17.8 26.1 22.0 3.0 870 242.0 9.6
June 20.5 28.3 24.4 3.0 80.0 242.0 10.6
July 22.8 29.4 26.1 3.0 89.0 259.0 10.6
August 20.0 30.5 25.3 3.0 88.0 233.0 10.6
September 22.8 30.0 26.4 3.0 83.0 216.0 9.8
October 20.0 28.3 24.2 5.0 82.0 190.0 8.6
November 16.7 25.0 20.9 33.0 82.0 199.0 7.3
December 12.8 20.5 16.7 56.0 82.0 242.0 5.8
Average 16.9 25.0 20.9 16.1 148.4 239.8 8.6

Experimental detail

Nursery of stevia crop was raised during
June 2022 in sand beds through seed. Three-
month-old seedlings were transplanted in the field
on September 22, 2022.

The experiment consisted of four
biostimulant treatments i.e., (control= untreated,
salinity remediator (SR = Cetro- Cal) at the rate of
4 L/fed, foliar application of salicylic acid (SA) at
the rate of 200 mg/l, and application of SR (4
L/fed) + SA (200 mg/L) and the three-plant
density viz., (20000, 30000 and 40000 plants/fed).
Each treatment was replicated three times in a
split plot design, four biostimulant treatments
allocated in main plots while plant density
distributed at random in subplots.

The application of SR (Cetro — Cal) at
the rate of 4 L/fed and SA at the rate of 200 mg/L
were applied four times per growing season
starting from March until September 2023 at the
same time, the control was sprayed with tap
water.

Stevia crop undergoes dormancy during
winter months and regrowth of crop starts with
rise in temperature during March. Commercial SR
called Cetro- Cal contains (5 % organic acid i.e.,
Citric acid + Amino acid, 8% nitrogen and 11%
Ca, while SA properties are presented in Table
3 and were brought from Oasis Company (Egypt)
Alexandria Desert Road, whose commercial name
is SA Anti-Free.

Table (3). Properties of Salicylic acid (SA) compound.

Chemical Physicochemical
Prog:)ertle Sa“%l/:g acid Appearance Color Solubility pH
Values 99% Solid powder  Off-white Totally water - 4-8

soluble

Stevia seeds were obtained from Sabhia
Station, Sugar Crops Research Institute,
Agricultural Research Centre (ARC), Egypt.

The experimental unit area was 10.5 m?
included 6 ridges, each of which 50 cm width and

3.5 meters long. The distance between plants was
applied according to plant densities/fed as
following;

Feddan Area(m?) Ridge width Plant Spacing Plant density (plants/fed)
(cm) (cm)
4000 50 40.0 20000
4000 50 26.7 30000
4000 50 20.0 40000

before planting, pre-emergence herbicide
(Gardo, 96%; S-metolachlor) was applied at a rate
of 125 cm3/fed. Over time, weeds were also

manually controlled by hand hoeing. Several
farming methods were used to grow stevia in
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compliance with information made by the Sugar
Crops Research Institute, A.R.C..

A common fertilizer dose of NPK/fed at
the rate of 50:24:24 kg was applied to supplement
the nutritional requirements of stevia crop. In
2022, nitrogen was added in two equal split doses
via urea (N = 46%). The first dose was applied at
transplantation, and the second was administered
two months later. In 2023, however, half of the
nitrogen quantity and complete P and K
treatments were applied in April, and the
remaining half of the nitrogen quantity was
applied in June. As suggested by the Sugar Crops
Research Institute, A.R.C., other agricultural
techniques were employed to cultivate stevia
plants.

Young seedlings were transplanted into
the field on September 22 2022. Because the new
plants have not grown sufficiently. The months of
the first year were adopted as the establishment
period therefore, the data were excluded. The next
year 2023, new shots plants were carefully
managed, and the data were collected from the
three times, 50 days intervals between cuts,
respectively were performed and necessary.

Studied Characteristics

Growth and yield characteristics were
recorded three times (cuts) as following,

Plant height (cm), total chlorophyll
(SPAD unit), number of branches/plant, dry
matter accumulation (gr/plant), total fresh leaves

yields/season  (ton/fed), total fresh stems
yields/season  (ton/fed),  biological  fresh
yields/season  (ton/fed), total dry leaves
yields/season  (ton/fed), total dry stems
yields/season (ton/fed), biological dry

yields/season (ton/fed) and leaves protein content
(%) .

The samples were recorded by selecting
10 plants at random from each subplot during the
three cuts to study the growth characters.

The yield characteristics were recorded
from the two inner ridges which harvest and
weighted then separated into (leaves and stems)
then transferred to feddan=4200 m? during the
three cuts (harvest) then summed to get yield in
season.

Statistical Analysis

Data obtained was exposed to the proper
method of statistical analysis of variance as
described by Gomez and Gomez (1984). The
treatments means were compared using the least
significant differences test (LSD) at the 5% level
of probability. All the statistics analysis using
CoStat 6.311 (2005) computer software package.

RESULTS AND DISCUSSION

The results presented in Tables (4, 5,
and 6) showed the effect of salicylic acid (SA),
salinity remediator (SR=Cetro_Cal) application,
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planting density and their interaction on plant
height (cm), total chlorophyll (SPAD unit),
number of  branches/plant, dry  matter
accumulation (gr/plant) and Total fresh Leaves,
stems and biological yields/season (ton/fed) of
stevia plants as affected by salicylic acid (SA),
salinity remediator (SR=Cetro_Cal), planting
density and their interaction at the three cuttings
(cutting) during 2023 seasons.

Concerning the effect of application of
salicylic acid (SA), salinity remediator
(SR=Cetro_Cal) on growth characters i.e., plant
height (cm), total leaf chlorophyll (SPAD unit),
number  of  branches/plant, dry  matter
accumulation (gr/plant) of stevia at the three
cuttings. The results in Tables (4 and 5) revealed
that the tallest plant height, the highest values of
plant height (cm), total chlorophyll (SPAD unit),
number of branches/plant, total dry matter
accumulation (gr/plant) and Total fresh Leaves,
stems and biological yields/season (ton/fed) of
stevia were recorded with salinity remediator
(Cetro- Cal) at the rate of 4 L/fed combined with
salicylic acid (SA) at the rate of 200 mg/l
followed by application of SA then salinity
remediator, respectively with no significant
difference among these treatments while the
control treatments= untreated treatments gave the
lowest values of these traits in all the cuttings
(cuts). An increase of these traits due to the vital
role of SA and Cetro- Cal for growth of plants
such as stevia plants under abiotic stress as soil
salinity. In this investigation, the maximum
growth and production of stevia were seen in this
inquiry when SA and SR were applied either
separately or combined. Due to an increased
antioxidant capacity, SA increases tolerance to
most abiotic stresses. A natural signal molecule
called SA, (2-hydroxy benzoic acid), may
contribute to how plants react to diverse
conditions (Horvath et al., 2007). Various plant
species have been demonstrated to be protected
against abiotic stress factors like salinity by spray
with SA solution (Rajjou et al., 2006).In the
other side, in our study application of salinity
remediator (SR= Cetro- Cal) increased growth
and vyield of stevia may be due to structure of
these materials where it contains amino acids,
Cao, and organic acid, in this trend agrosol
fertilizer (salinity remediator) increased growth
yield, improved quality of produce, increased
resistance to dry and wet stress, decreased water
requirement, healthier and more vigorous plant,
stronger and heavily branched root system,
improved use of available fertilizer, and higher
levels of photosynthetic activity (Gomaa et al.,
2021).

In terms of response of stevia to planting
density, the results in Tables (4 and 5) indicated
that plant population density (20000 plants/fed)
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recorded the highest values of plant height (cm),
total chlorophyll (SPAD unit), number of
branches/plant, and dry matter accumulation
(gr/plant) at all cuttings (cuttings) followed by
planting stevia plant with 30000 plants/fed as
compared with plant density ( 40000 plants/fed)
which gave the lowest values of all the traits
during the three harvesting times (cuttings) in
2023 seasons.

(JAAR) Volume: 28 (4)

Regarding the interaction effect between the two
factors as shown in Tables 4 and 5. The results
showed that sowing stevia plants with 20000
plants/fed with application of SA + Citro- Cal, or
with SA or Cetro- Cal increased plant height
(cm), total chlorophyll (SPAD unit), number of
branches/plant, and dry matter accumulation
(gr/plant) in each cutting during the growing
season, 2023.
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Table (4). Plant height (cm) and total chlorophyll content (SPAD) of stevia as affected by SR, SA, planting density and their interactions in growing season.

Plant height (cm)

Treatments B) Plant density/fed
20000 30000 40000 20000 30000 40000  Average 20000 30000 40000
Q;zgfgtlécr ?gllg:(gﬁt)}jalclgllgy First cut Average Second cut Third cut Average
Control= untreated 30.33  31.00 35.67 32.33 31.67 32.50 37.83 34.00 32.83 3300  40.17 35.33
Salinity remediator (SR) 35.67  42.67 44.00 40.78 37.00 44.00 45.50 42.17 38.17 4500  46.50 43.22
Salicylic acid (SA) 36.33  40.67 46.00 41.00 37.67 41.67 48.83 42.72 38.83  43.17  51.17 44.39
SR+ SA 35.33 4133 49.67 42.11 37.50 42.83 52.50 44.28 38.17  43.83 5450 45.50
Average 34.42  38.92 43.84 35.96 40.25 46.17 37.00 4125  48.09
LSD at 0.05 for A 2.21 2.44 2.70
LSD at 0.05 for B 1.74 1.69 1.65
LSD at 0.05 for A x B 3.49 3.39 3.29
Total Chlorophyll (SPAD unit)
B) Plant density/fed
20000 30000 40000 Average 20000 30000 40000  Average 20000 30000 40000  Average
Qrizg?g:écr?gg:(gﬁt)}jflcl:gll;y First cut Second cut Third cut
Control= untreated 36.02  33.05 32.70 33.92 38.33 34.37 32.69 35.13 4033  36.00  33.00 36.44
Salinity remediator (SR) 4570  43.70 37.70 42.37 47.06 44.69 38.73 43.49 47.00 4533 3867 43.67
Salicylic acid (SA) 46.37  42.03 37.75 42.05 48.04 42.71 38.71 43.15 48.67  43.00  38.50 43.39
SR+ SA 50.17  43.38 37.70 43.75 50.00 44.39 38.70 44.36 51.33  49.01  49.00 49.78
Average 4457  40.54 36.46 45.86 41.54 37.21 46.83 4334  39.79
LSD at 0.05 for A 1.59 1.22 1.60
LSD at 0.05 for B 1.60 1.47 0.68
LSD at 0.05 for A x B 3.20 2.95 1.37
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Table (5). Number of branches/plant and dry matter (gr/plant) of stevia as affected by SR, SA, planting density and their interactions in growing season.
Number of branches/plant

Treatments A) Plant density/fed

20000 30000 40000 20000 30000 40000 Average 20000 30000 40000
fg;%gfgtl:)cr (Salifé%etr(gfc):él) salinity First cut Average Second cut Third cut Average
Control= untreated 9.48 8.76 8.67 8.97 10.67 10.43 10.48 10.53 12.00 11.00 12.10 11.70
Salinity remediator (SR) 1257 1186 9.86 11.43 1457 1352 11.86 13.32 16,57 1552 11.33 14.47
Salicylic acid (SA) 1314 1143 1033 11.63 15.14 1343 12.33 13.63 15.67 1510 13.57 14.78
SR + SA 1367 11581 10.33 11.94 13.33 1381 12.33 13.16 15.00 15.81 14.00 14.94
Average 12.22 1097  9.80 13.43 12.80 11.75 1481 1436 1275
LSD at 0.05 for A 0.74 1.21 1.27
LSD at 0.05 for B 0.50 0.60 0.78
LSD at 0.05 for Ax B 0.99 1.20 1.55

Total Dry matter accumulation (g/plant)
First cut Second cut Third cut

A)Salicylic acid (SA), salinity

remediator (SR=Cetro_Cal) A) Plant density/fed

20000 30000 40000 Average 20000 30000 40000 Average 20000 30000 40000 Average

Control= untreated 28.81 2423 2352 25.52 29.87 26.8 25.93 27.53 31.61 27.35 26.5 28.49
Salinity remediator (SR) 3417 32,66 28.03 31.62 36.82 35 30.44 34.09 3732 3589 3161 34.94
Salicylic acid (SA) 35.75 31.63 28.17 31.85 38.33 34.24 30.83 34.47 39.03 34.83 31.46 35.11
SR + SA 38.46 3214  27.47 32.69 4137 3475 30.17 35.43 4198 35.26  30.95 36.06
Average 34.30 30.17 26.80 36.60 3270 29.34 3749 3333 30.13

LSD at 0.05 for A 1.43 1.56 1.33

LSD at 0.05 for B 1.26 1.31 1.25

LSD at 0.05 for AxB 2.53 2.61 2.50

SR= Citro- Cal, SA= salicylic acid
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The results in Table 6 revealed that total
fresh leaves, stems and biological yields/season
(ton/fed) of stevia increased with the highest plant
population (40000 plants/fed). The results
indicate that a plant population density of up to
40,000 plants/fed, along with the other studied
characteristics of stevia, represents the ideal plant
population (plant spacing) in feddan. In contrast, a
wider spacing resulted in the lowest number of
plants/fed, as well as the lowest growth and yield.

Concerning the interaction effect
between the two factors as shown in Table 6,
showed that sowing stevia plants with 40000
plants/fed with application with SA + SR, or with
SA or SR increased fresh and dry yields (leaves,
stems and biological) in each cutting during the
growing season, 2023.

In the current investigation, the wider
spacing with a plant population of 20,000
plants/fed resulted in tallest plant height and the
highest values of plant height (cm), chlorophyll
(SPAD unit), number of branches/plant, and dry
matter (gr/plant) at cuts followed by plant
population density 30,000 plants/fed, while the
fresh and dry yields (leaves, stems and biological)
were recorded with 40,000 plants/fed, these
results may be due to the optimum plant
population of stevia was 40,000 plant under the
study conditions that population gave a higher
plants/fed which gave the highest yields. The
results are in accordance with the findings of
Murayama et al. (1980) reported also that higher
plant height when plant density was adopted (60
cm x 20 cm). Basuki and Sumaryono (1990)
who reported that an optimum plant density
resulted in high crop growth and higher leaf to
stem ratio due to higher vyield. In addition,
Aladakatti et al. (2011) found that the closer
spacing resulted in higher plant height as
compared to wider spacing. As a similar result,
Taleie et al. (2012) also stated that maximum
plant height was obtained in the higher plant
population density.

The fresh biomass vyield, fresh leaf
yield, and dry leaf yield at each of the three
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cuttings, as well as the cumulative yield, varied
significantly depending on the planting density.
Because there were fewer plants per square foot,
the wider spacing could not provide as much dry
leaf and biomass as the narrower spacing.
Reduced spacing may also improve a crop's
capacity to compete and shorten the time that
weeds may outcompete crops (Basuki and
Sumaryono, 1990).

Narrow spacing is a competitive
advantage that may result in higher crop yields
(Basuki and Sumaryono, 1990; Kumar et al.,
2012). increased dry leaf yield was also found by
Murayama et al. (1980) with increased plant
density. Chalapathi et al. (1997) discovered that
stevia planted with 40,000 plants/fed generated
better fresh leaf yield and dry leaf yield, following
the same general pattern as our findings.
According to Aladakatti et al. (2011), planting
geometry with narrow spacing produced the
highest overall cumulative dry leaf yield.
+Additionally, Kumar et al. (2012) found
comparable results. While Gvasaliya et al. (1990)
found that a spacing of 70 cm 25 cm produced the
best stevia growth and production. To maximize
crop growth and vyield, plant spacing may be
employed as a management technique.

In our results, data on stevia's growth
and yield characteristics over the three cuts also
revealed that the yields were higher in all
treatments in the third harvest (cut) compared to
the first cut. This occurred because of the hot
weather (especially in July and August) and
prolonged photoperiod that were prevalent during
the crop growth period. As evidenced by the
striking increase in production during summer
cuttings compared to that of winter cuttings,
Allam et al. (2001) stated that temperature,
length, and intensity of photoperiod greatly
affected stevia biomass yield. Lester (1999) also
reported that stevia is sensitive to day duration,
photoperiod, and temperature. The timing of
harvest is directly connected to yield, according to
Ramesh et al. (2007).
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Table (6). Total fresh and dry Leaves, stems and biological yields/Season (t/fed) of stevia plants as affected by salicylic acid (SA), salinity remediator
(SR=Cetro- Cal), planting density and their interaction in growing season.

Total fresh Leaves yield/season (ton/fed) Total fresh stems yield/season/(ton/fed) Biological yield (fresh)/season (ton/fed)
Treatments B) Plant density/fed
20000 30000 40000 20000 30000 40000 Average 20000 30000 40000
A)Salicylic acid (SA), salinity Average Average
remediator (SR=Cetro_Cal)
Control= untreated 1.77 2.34 2.52 2.21 2.23 2.85 3.01 2.70 4.00 5.19 5.53 491
Salinity remediator (SR) 2.53 3.09 3.37 3.00 3.02 3.63 3.87 3.51 5.55 6.72 7.24 6.50
Salicylic acid (SA) 2.68 3.09 3.69 3.15 3.35 3.69 4.43 3.82 6.03 6.78 8.12 6.98
SR + SA 2.86 3.63 4.09 3.53 3.45 4.22 4.85 4.17 6.31 7.85 8.94 7.70
Average 2.46 3.04 3.42 3.01 3.60 4.04 5.47 6.64 7.46
LSD at 0.05 for A 0.23 0.22 0.44
LSD at 0.05 for B 0.20 0.24 0.42
LSD at 0.05 for Ax B 0.40 0.49 0.84
Treatments Total dry leaves yield/season (ton/fed) Total Dry stems yield/season (ton/fed) Biological yield/season (ton/fed)
A)Salicylic acid (SA), salinity B) Plant density/fed
remediator (SR=Cetro_Cal) 20000 30000 40000 Average 20000 30000 40000 Average 20000 30000 40000  Average
Control= untreated 0.92 0.94 1.04 0.97 0.98 1.00 1.10 1.03 1.90 1.94 214 1.99
Salinity remediator (SR) 1.18 1.36 1.44 1.33 1.24 1.43 1.53 1.40 242 2.79 2.97 2.73
Salicylic acid (SA) 1.21 1.34 151 1.35 1.29 1.43 1.59 1.44 2.50 2.77 3.10 2.79
SR + SA 1.14 1.4 1.64 1.39 1.21 1.46 1.7 1.46 2.35 2.86 3.34 2.85
Average 1.11 1.26 1.41 1.18 1.33 1.48 2.29 2.59 2.89
LSD at 0.05 for A 0.05 0.03 0.08
LSD at 0.05 for B 0.03 0.04 0.07
LSD at 0.05 for Ax B 0.07 0.07 0.14

SR= Citro- Cal, SA= salicylic acid
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The results in Table 7 revealed the
effect of SR, SA, plant density and their
interaction on leaf protein content (%) of stevia
plants.

In concern to the effect of salinity
remediator (SR= Cetro- Cal) and salicylic acid
(SA) on protein content in leaves (%), results in
Table 7, showed that the significant effect of SR
and SA applications on protein %, where the
highest values of proteins were recorded with
using SR, or SA while the control treatments gave
the lowest values. These results are harmony with
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those recorded by Kandil (2015); Gomaa et al.
(2021); Talaat et al. (2023) who reported that
application of SR or SA increased protein %.

Regarding the effect of plant density on
leaf protein content (%), the results in Table 7
indicated that there was no significant difference
among plant density on this trait.

The same Table cleared that there was
significant interaction between the two factors,
where the highest value of protein in leaves was
obtained with application of SR with 40000
plants/fed.

Table (7). Leaf protein content (%) of stevia plants as affected by salicylic acid (SA), salinity
remediator (SR=Cetro_Cal), planting density and their interaction in growing season.

Leaf protein content (%0)

A)Salicylic acid (SA), salinity
remediator (SR=Cetro_Cal)

B) Plant density/fed

20000 30000 40000 Average
Control= untreated 12.10 10.93 12.37 11.80
Salinity remediator
(SR=Cetro- Cal) 12.95 12.28 15.11 13.45
Salicylic acid (SA) 12.50 16.78 11.00 13.43
SR + SA 12.15 11.90 13.60 12.55
Average 12.43 12.97 13.02
LSD at 0.05 for A 0.66
LSD at 0.05 for B ns
LSD at 0.05 for Ax B 1.23
CONCLUSION Belt, K., Huang, S., Thatcher, L. F., Casarotto,

According to the above results of the
experiment, it is beneficial to maintain maximum
plant density (40,000 plants/fed) with foliar
applications of salicylic acid (SA) at a rate of 200
mg/l or salinity remediator (SR=Cetro- Cal) at a
rate of 4 litter/fed together or each alone to obtain
higher leaf yield/fed and protein content in leaf of
stevia. Therefore, this study offered fundamental
knowledge on certain stevia agronomy that will
be helpful for future research.

REFERENCES
Aladakatti, Y.R., (2011). Response of stevia
(Stevia rebaudiana Bertoni.) to irrigation

schedule, planting geometry and nutrient levels.
Doctoral Thesis., Univ. of Agric. Sci., Dept of
Agron., Dharwad, Bangladesh

Allam, A. 1., Nassar, A. M., and Besheit, S. Y.,
(2001). Nitrogen fertilizer requirements of Stevia
rebaudiana Bertoni under Egyptian condition.
Egyptian J. Agric. Res. 79: 1005-1018.

Basuki, S., and Sumaryono, W. (1990). Effects
of black plastic mulch and plant density on the
growth of weeds and stevia. Biotrop, 38, 107-108.

H., Singh, K. B., Van Aken, O., and Millar, A.
H. (2017). Salicylic acid-dependent plant stress
signaling via mitochondrial succinate
dehydrogenase. Plant physiology, 173(4), 2029-
2040.

Chalapathi, M.V., Timmegowda, S., Rama
Krishna Prama, V., and Prasad, T. G., (1997).
Natural non calorie sweetener stevia (Stevia
rebaudiana Bertoni): A future crop of India. Crop
Res. 14: 347-350.

Chapman, H. D., and Pratt, F. (1961): Methods
of analysis for soils, plants and waters. Univ.
California, Div. Agr. Sci 309.

CoStat, V. (2005): Cohort software798 light
house Ave. PMB320, Monterey, CA93940, and
USA. email: info@ cohort. com and Website:
http://www. cohort. com. DownloadCoStatPart2.
html.

El-Housini, E. A., Ahmed, M. A., Hassanein,
M. S., and Tawfik, M. M. (2014). Effect of
salicylic acid (SA) on growth and quality of stevia
(Stevia rebaudiana Bert.) under salt stress.
American-Eurasian Journal of Agricultural and
Environmental Sciences, 14(4), 275-281.

817


http://www/

Farooq, M., Wahid, A., Kobayashi, N. S. M. A,
Fujita, D. B. S. M. A,, and Basra, S. M. A.
(2009). Plant drought stress: effects, mechanisms,
and management. In Sustainable agriculture (pp.
153-188). Springer, Dordrecht.

Francisco, F., Pereira, G. P., Machado, M. P.,
Kanis, L. A., and Deschamps, C. (2018).
Characterization of Stevia rebaudiana Bertoni
accessions cultivated in southern Brazil. Journal
of Agricultural Science, 10(3), 353-363.

Gomaa, M.A., Ibrahim, I. A. E., Kandil, E. E.,
& Hussain, M. A. (2021). Performance of barley
under organic manure, salinity remediator and
selenium as mitigators to soil salinity. Egyptian
Academic Journal of Biological Sciences, H.
Botany, 12(1), 123-133.

Gomes, E. N., Moterle, D., Biasi, L. A,
Koehler, H. S., Kanis, L. A., and Deschamps,
C. (2018). Plant densities and harvesting times on
productive and physiological aspects of Stevia
rebaudiana Bertoni grown in southern Brazil.
Anais da Academia Brasileira de Ciéncias, 90,
3249-3264.

Gomez, K. A., and Gomez, A. A. (1984).
Statistical procedures for agricultural research.
John wiley and sons.

Gvasaliya, V. P., Kovalenko, N. V., and
Garguliva, M. Ch., (1990). Studies on
possibilities of growing honey grass in Abkhazia
conditions. Subtropocheskie Kultury. 5: 149-156.

Halim, M. A., Alam, M. F., Rahman, M. H,,
Hossain, M. B., & Uddin, M. B. (2016).
Sterilization process for in vitro regeneration of
Stevia (Stevia rebundiana Bertoni). Int J Bus Soc
Sci Res, 4(4), 320-323.

Horvath, E., Szalai, G., and Janda, T. (2007).
Induction of abiotic stress tolerance by salicylic
acid signaling. Journal of Plant Growth
Regulation, 26(3), 290-300.

Kandil, H. (2015). Effect of agrosol treatment
and phosphorus levels on pea plants (Pisum
Sativum L.). Journal of Basic and Applied
Scientific Research, 5(12), 102-108.

Kumar, R., Sharma, S., Ramesh, K., Prasad,
R., Pathania, V. L., Singh, B., and Singh, R. D.
(2012). Effect of agro-techniques on the
performance of natural sweetener plant—stevia
(Stevia rebaudiana) under western Himalayan
conditions. Indian Journal of Agronomy, 57(1),
74-81.

Kumar, R., Sood, S., Sharma, S., Kasana, R.
C., Pathania, V. L., Singh, B., and Singh, R. D.
(2014). Effect of plant spacing and organic mulch
on growth, yield and quality of natural sweetener
plant stevia and soil fertility in western

(JAAR) Volume: 28 (4)

Himalayas. International Journal of Plant

Production, 8(3), 311-334.

Lester, T., (1999). Stevia rebaudiana. Sweet leaf.
The Australian new crops Newsletter.11: 1.

Mufioz, G., and Grieser, J. (2006). Water
resources-development and management service,
environment and natural resources service, in
CLIMWAT 2.0 for CROPWATt. Food and
Agriculture Organization of the UN.

Murayama, S., Kayano, R., Miyazato, K., &
Nose, A. (1980). Studies on the cultivation of
Stevia rebaudiana Bertoni. 11. Effects of fertilizer
rates, planting density and seedling clones on
growth and yield. Science Bulletin of the college
of Agriculture, University of the Ryukyus,
Okinawa, (27), 1-8.

Naveed, M., Sajid, H., Mustafa, A., Niamat, B.,
Ahmad, Z., Yaseen, M., ... and Chen, J. T.
(2020). Alleviation of salinity-induced oxidative
stress, improvement in growth, physiology and
mineral nutrition of canola (Brassica napus L.)
through calcium-fortified composted animal
manure. Sustainability, 12(3), 846.

Niamat, B., Naveed, M., Ahmad, Z., Yaseen,
M., Ditta, A., Mustafa, A., and Xu, M. (2019).
Calcium-enriched animal manure alleviates the
adverse effects of salt stress on growth,
physiology and nutrients homeostasis of Zea mays
L. Plants, 8(11), 480.

Pal, P. K., Mahajan, M., Prasad, R., Pathania,
V., Singh, B., and Ahuja, P. S. (2015).
Harvesting regimes to optimize yield and quality
in annual and perennial Stevia rebaudiana under
sub-temperate conditions. Industrial Crops and
Products, 65, 556-564.

Pal, P. K., Prasad, R., and Pathania, V. (2013).
Effect of decapitation and nutrient applications on
shoot branching, yield, and accumulation of
secondary metabolites in leaves of Stevia
rebaudiana Bertoni. Journal of Plant Physiology,
170(17), 1526-1535.

Rajjou, L., Belghazi, M., Huguet, R., Robin, C.,
Moreau, A., Job, C., & Job, D. (2006).
Proteomic investigation of the effect of salicylic
acid on Arabidopsis seed germination and
establishment of early defense mechanisms. Plant
physiology, 141(3), 910-923.

Ramesh, K., Singh, V., and Ahuja, P. S,
(2007). Production potential of Stevia rebaudiana
(Bert.) Bertoni under intercropping systems.
Arch. Agron. Soil Sci. 53: 443-458.

Ramesh, K., Singh, V., and Megeji, N. W.
(2006). Cultivation of stevia, Stevia rebaudiana
(Bert.) Bertoni]: A comprehensive review.
Advances in Agronomy, 89, 137-177.

818



Serfaty, M., Ibdah, M., Fischer, R,
Chaimovitsh, D., Saranga, Y., and Dudai, N.
(2013). Dynamics of yield components and
stevioside production in Stevia rebaudiana grown
under different planting times, plant stands and
harvest regime. Industrial crops and products, 50,
731-736.

Sparks, D. L., Page, A. L., Helmke, P. A., and
Loeppert, R. H. (Eds.). (2020). Methods of Soil
Analysis, Part 3: Chemical methods (Vol. 14).
John Wiley and Sons.

Talaat, N. B.,, Mahmoud, A. W. M., and
Hanafy, A. (2023). Co-application of salicylic
acid and spermine alleviates salt stress toxicity in
wheat: growth, nutrient acquisition, osmolytes
accumulation, and antioxidant response. Acta
Physiologiae Plantarum, 45(1), 1-15.

Tavarini, S., & Angelini, L. G. (2013). Stevia
rebaudiana Bertoni as a source of bioactive
compounds: the effect of cutting, experimental
site and crop age on steviol glycoside content and
antioxidant properties. Journal of the Science of
Food and Agriculture, 93(9), 2121-2129.

(JAAR) Volume: 28 (4)

Taleie, N., Hamidoghli, Y., Rabiei, B., and
Hamidoghli, S. (2012). Effects of plant density
and transplanting date on herbage, stevioside,
phenol and flavonoid yield of Stevia rebaudiana
Bertoni. Intl J Agri Crop Sci, 4(6), 298-302.

Tansi, L. S., Samadpourrigani, E., and Gedik,
S. (2017). Effects of different plant density and
cutting times on yield of stevia under the
cukurova conditions. International Journal of
Secondary Metabolite, 4(3, Special Issue 2), 355-
358.

Wanjogu, S., Muya, E., Gicheru, P., Waruru,
B. (2001). Soil degradation: Management and
rehabilitation in Kenya. Paper presented at the
Proceedings of the FAO/ISCW  expert
consultation on Management of Degraded Soil in
Southern and Eastern Africa (MADS-SEA) 2nd
Networking meeting, Pretoria, South Africa,
PR102-113.

Yu, Z. Z,, Fu, C. X,, Han, Y. S., Li, Y. X,, and
Zhao, D. X. (2006). Salicylic acid enhances
jaceosidin and syringin production in cell cultures
of Saussurea medusa. Biotechnology Letters,
28(13), 1027-1031.

819



(JAAR) Volume: 28 (4)

) padlal
oa ) cig lh cad Lalal) A8USlg daslall gllaag chbadlaadl (aelad Lidud) dlai)
daslally §ilial
Jane ilaias ¢ Paene Jlall e dena dile ¢l dsall de deal dena ¢ Taes Gial) 3o 9ena
25a9¥) ahiac

A0Sy daals — (Ll L) Al 40S — bl z oY) ad -1
Haall — dael)3l Gigad) 3650 — LSl dualaall Sigan agre -2

e i Sl s Angial)l 1 el allse cnand) Allad) € ST jaan Jeel) 83)5 f i)
s sl Sl b sdlal) A Gob U shall aalall o dlsall e desens o 4l (g
aill sl ) (e zpdieall salall Sl dgdat Caraa 300 (e SSY a8 dudaS B68 4l L Salyeuna 1y
O Aantieadll daalal) Adatl Ay Aial ymad Wby Aol clpels o 4l (g5inn Vs Lalakal) 8 aadidly
HA8LE)g Baxall el (A (Sl (page JB

o ui e llia dag un (Laad LaY) plhgall dubaly glsablll ilss duals cAugiall el el
A oS dsiaa iy ) gsll s rebaudiana gg oSls (Stevia Jl dluad e Sl g 200
sl (hole aay (HlasSll LS5 alall A8l dajsSila Bale o0 Blie Ay (asdsny 5 gl
Auha abed G e ginn Yy CulasSila

Aaglall Joai Y lgd) LS LS Agiely) o Cipmr Yy ean b Baaall Jualaall (e L) Jyeana of LS
Bacliall ZAESI) yaas gy 2023 e el dl ) 2022 e sed By e Ales Golad el Jalls
ey clladlad) s Jie Digall cilladiall G aladiul dasldl i Qs Laau) 4ol (del)3l) clilas)
saby caadll) Sl Jualae 8 Gaadl aud saaall Sl Jualas aalS Liiad) del)) 8 gusill Al da sl
(Sl

COlalaal)l ey dum @ly Ke 3 A Basly Bye Adiall adadl) mrenal (A Lppail) cDlaleal) 2w g

oaeny gl (Bl = Ghadll 14 Jaeas (9 sl ae daslall ellas = (g ) d3)ke) 1aaal adadll A Lilsiie
S5 Al paess sl Gilly gladl 31 4 Jarar daglall mllear (1) = il/aaale 2000 385 cbladlad)
(/<L 40000 530000 520000 ) dnlis CBES D anaig 4l adaill Laiss - (il anale 200
ce)y + 2 3.5 Ushy am 5O Gapms lashd 6 o ggin % 10.5 lps unyaal) dalidll dalies col€ s
il e (aw 40 ¢ 26.7 ¢ 40) dilue cblal)

b Lash il paf andli &3

Lahall i Jouanally gaill Clia o (grine il blulad) (aalal 8550 iy daglal) mllaa dlaladll <l
IS 8 e @) saes adin S 8 Jig )l (g (3y0Y) (ggimas (iliin) sleas < B0 8 clall ¢ L)l (Sie
Shaill Cilally ol sl Jgeanag Gl augall (& Calally 3l (3)5Y) Jseanas Ailall saldl) oSIg dia
bo bbbl (malas Giylly daslal) gladd B8LaY) of ang dus @lally Glad) aslsud) Jyemnally asall PUa
G5%) ISl 4lae 13ytie daglall xllaa ddlial 5 Tojiie clbadladly (o) @Iy b dusg padll lacall S a8 Lol
- 2023 dely3l) ause b lial) paes S il S8 cidael baysny Al (4lalae

Ry JRY) Lalal) ALY o) Cum LSS Bl sl lia o Lgies T30 dahide 4nls GUES, de)y3) o LS
BB o)) 4l Lpaill Cagyh cany clial) aea Pla clall sl claal 4 o) Gaa ladll/els 20000

820



(JAAR) Volume: 28 (4)

Jaw ghaill @il 40000 o s 8 o8/l 4000 a5 eV ABESIL dely3l) 20l IS, ¢lad/cls 30000
tally Gl (aslsndly Glinlly GLs) ausall Da aill Jgeanall o8 el
e O/l 20000 BES Lanu) del)) o g Cus SLall sl Glia e Ayl Jlile o Jalal LS
sda Cua ilfaale 200 Jare clladladl (adlay Bl (3)lly ladf 514 Jaras ()l olie pe daslall mllas dilial
OSls Al ABUCY a e Slbadlid) aalas Gl el cDaladll Ly 8l sail) cilieal a el ciia dad )
0o Olatll Jpanall ad el 3aa 40000 Asls LS pe bbbl (aesg daglll gllee cDlales (ut caal
Al Gyl cias Gilad) o) el sl aslsuly Qlasally 31ysY)
GBS (ggien B0 aag Vs BLY) B Cien Aad ol Gin Gl (malag daslll mlles dila) o) LS
el s a8/l 40000 pe cbludld) ) daslall mllae g Jasl o con B Gl e Al dslal
- BlsY) (B g s
:duagl)

Jyana el inal ail sng jemn — LuSuY) dliilae — Gl gyl iy dalull @l P o
bl deh) f daglalls sty Al duda i G dehlly (Ssin 7 = 5) exddl LiiuY) Jseasal s35ng
A/ a2le 200 Janes Glbudldl malas sl 51 ae olaifsls 40000 ) Jess Blle A8ls BES, L)
Gaal it Laaal ) Tee LaadlS saill ausse S o/ 51 4 Janas (5 slae pn (IS5 i) dangle gellae dilialy
Jralae (o L3030 sadl) i) sachsll Sl Jualae aalS Lanall delyy B puglly o)) (e salial Lo
o g a (9AY dda Ge ok basad) @bl Jeeana o) 2ag WS (LS sy Sl i) S
Ded) P s Al & A s Jsaanally saill Jis & aadsi sed AT s 91 Glia 330 hal (e
Cluag dojal Joagll Sfiwe a1 clad ehal o 0¥ LS dgliall ghlidl o) dahiall CagHls cas bl
g 5abys Szl 40Ky Lenal) del) s dalad) e leleall 4LS

821



